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Abstract 
Being one of the world’s wealthiest countries, Australia is highly sensitive to the impact of global climate change. The rate of climatic 
devastation such as bushfire, flood, heat wave and cyclone has been increased significantly in last few decades, which is apparently 
believed to be due to the global climate change. Australian economy is energy intensive especially its electricity generation which is 
pivotal to its overall industrial and economic growth. Most power generation installations, transmission and distribution are located along 
the coastal belt of Australia due to the high concentration of population. The concentration is significantly higher in the Eastern and 
Southern coastal belts. Some of these areas will face the mayhem of global climate change especially on current and future power 
generation capabilities. However, little information on climate effects on power generation, transmission and distribution is currently 
available. Therefore, the primary objective of this work is to undertake a parametric study (effect of temperature) on efficiency of power 
generation and its potential impact on economy.  A comprehensive mapping of Australia wide temperature rise and its effect on existing 
power plants is undertaken. The potentially affected power plants have been identified. The temperature rise and power generation 
efficiency is also correlated. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
Energy is the key driving force for all economical activities and industrialization. For the sustained economic growth, 
continuous and secured energy and power supply is vital. The changes in temperature and rainfall patterns due to climate 
change can have significant implications for the existing and future power plants and power infrastructure. Weather and 
climate can affect all major features of the electric power sector, including electricity generation, transmission and 
distribution systems, and end-user demand for power [1]. 
A study by the Inter-Governmental Panel on Climate Change (IPCC, 2007) [2] reported that the frequency of periods 
characterized by water shortages and high water temperatures will increase in Europe and other parts of the world. For 
cooling purpose power plants require a constant supply of fresh water. Lower temperature of water generally ensures the 
higher efficiency of the cooling system and hence the efficiency of the power plant. Around 43% of the European Union’s 
fresh water supply is used for the cooling of power plants [3]. Heat wave and draught both reduce the cooling capacity of 
the power plant. Power generation could be severely restricted by the increasing river water temperature and decreasing 
stream flow [4]. Energy industry especially power generation plants is one of the largest industry in Australia. To maintain 
the growth of Australian economy it is paramount to establish energy security. Climate change has a profound impact on 
Australia. Therefore, it is necessary to investigate the impact of climate change on power generation capacity in Australia. 
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In this study, the future impacts of climate change on power generation in Australia up to the year 2050 have been 
investigated. 
2. Impact of climate change in Australia 
Natural variability and human activities both are responsible for the climate change. But the proportion of their 
responsibility is unknown. The El Nino-Southern Oscillation (ENSO) is the strongest regional driver of climate 
changeability. In Australia, El Nino brings warmer and drier climate to eastern and south-western regions and the opposite 
change occurs during La Nina [5]. From 1910 to 2004, the average maximum temperature of Australia increased by 0.6 °C 
and the minimum temperature increased by 1.2 °C [6]. Since 1950, the increase of greenhouse gases has a significant effect 
on warming [7]. From 1957 to 2004, the weather data indicated that the average temperature of Australian is increasing in 
hot days (35 °C or above) of 0.10 days/year, in hot nights (20 °C or above) of 0.18 nights/year, and the temperature is 
decreasing in cold days (15 °C or below) of 0.14 days/year and in cold nights (5 °C or below) of 0.15 nights/year [9]. Due to 
the climate change on around 1950, Australia experienced an increase in summer monsoon rainfall in its two-thirds of 
north-western region [10].  Besides that, southern and eastern parts of Australia have become drier [8]. Since 1973, for a 
given rainfall deficiency, because of higher temperatures, drought have become hotter [9]. From 1950 to 2005, in north-
western and central Australia, the amount of daily excessive rainfall is increased. However, in the south-east, south-west 
and central east coast, the amount of daily excessive has decreased [10].  However, there is a faster trend of frequency and 
intensity of extreme weather events has been noted [11]. 
3. Sources of energy in Australia 
Australia is the ninth largest energy producer in the world. It's account for 2.5 per cent of the world's energy production 
[12]. Over the past decade, energy production in Australia is increasing at an annual rate of 3.2% since the year 1999-2000. 
Main energy resources of Australia are coal, uranium and gas. Coal plays the major role in energy production in Australia. It 
accounts for 57% of total energy production in the yearly term 2009-2010. Uranium accounts for 20% and gas accounts for 
12%. Crude oil and LPG account for around 6% of total energy production. 
Electricity industry, the largest in Australia, consists of generators, transmission and distribution networks, and retailers. 
It contributes around 1.4% to Australian industry value added tax in 2009-10.  However, electricity generation was declined 
by 1.2% from 2009-2010. In the yearly term 2009-10, a total of 242 terawatt hours has been generated in Australia. Coal, 
gas and oil are the major suppliers among all fossil fuels. In Table 1 represents the present power generation capacities 
based on fossil fuels in all states and territory of Australia. At present, the majority of the electricity power generation is 
based on coal, which accounts for 75% of total electricity generation in 2009-10. Main reason for this high number is due to 
low cost and availability of coal in Australia. In eastern part of Australia, there is a huge reserve of coal. Furthermore, 
eastern region is the major area of consumption of electricity. Thus, coal was historically favoured as a major source for 
electricity generation in Australia. Beside coal, gas is the second largest energy source in Australia for electricity generation. 
It accounts for 15% of electricity generation in 2009-10. 
       Table 1. Power generation capacity (in MW) in Australia from fossil fuel sources. 
Fuel source Black coal Brown coal Gas Oil Total 
New South Wales (NSW) 11,862 0 2,177 179 1,4218 
Victoria (VIC) 0 6,881 3,056 0 9,937 
Queensland (QLD) 8,988 0 3,993 153 13,134 
South Australia (SA) 878 0 2,867 50 3,795 
Western Australia (WA) 2,890 0 5,709 44 8,643 
Northern Territory (NT) 0 0 840 28 868 
Tasmania (TAS) 0 0 611 60 671 
Australia wide 2,4618 6,881 19,253 514 51,266 TAS
VIC
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NT
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4. Future of power generation in Australia 
In order to identify the impact of climate change on power plant in Australia by the year 2050, it is necessary to project 
the power generation in Australia up to the year 2050. However, it is always difficult and uncertain to project energy 
generation for such a long period of time mainly because of the dynamic behaviour of energy market. 
For this reason, we made a mixed approach including the population growth using BREE (Bureau of Research and 
Energy Economics) projection, carbon pricing, and growth in gas sector. From current and historic behaviour of the energy 
market in Australia, it is evident that Australian energy sector is going through a transition period, from high greenhouse gas 
emission based power plant to a sustainable power generation. It has been assumed that this transition period will be settled 
by the year 2030. It is clearly evident from the projection of BREE [13] that the transition will mainly occur to gas based 
power plant. For this reason we have followed the growth trend of 4.5% increase annually for gas based power plant up to 
the year 2030. After that, we have used the rate of population growth as the rate of increase of gas based power plant from 
the year 2030 to 2050. 
On the other hand, for coal based power plant, it is clear from Australian government policy that Australia will not 
follow a high carbon emission technology in future. With the international cooperation on environmental issues, public 
awareness on climate change, and global climate effect, it is more justifiable to account the trend of reduction of coal based 
power generation up to the year 2050. For this reason we have used the same rate of reduction of coal based power plant up 
to the year 2050. For oil based power plant, there is no growth trend in BREE [13]. Thus, we followed the same trend. The 
reason for considering the gas based power generation in proportion is because of the increase of population after the year 
2030, which can be justified by few key points. 
First, industrialization in Australia is showing a decreasing trend in this decade because of shifting to a comparative 
cheap labour market in some Asian countries (e.g., China, Indonesia, Malaysia and India). Investor and entrepreneurs are 
trying to find more profitable industries for manufacturing in fast growing Asian countries. On the other hand, in Australia 
currency rate of Australian dollar and wage of worker is increasing day by day. This is also happening in all western and 
high economic countries all over the world. Furthermore, Australian market is comparatively small in comparison to the 
market in Asian countries. Therefore, many manufacturing companies have been shifted from Australia to Asian countries 
like China, Indonesia, Malaysia, and India. In any energy market, industrial energy demand is a huge part of total energy 
demand. Thus, there will be less demand in industrial sector in Australia. In this case, the main demand of energy would be 
from residential households. 
In our projection, we followed the 4.5% generation growth in gas based power plant up to the year 2030, assuming of 
settling down of energy market by this time. For upward power generation from 2030 to 2050, the demand of electricity will 
be in proportion to the increase of population. Hence, from fossil fuelled power plant, this demand will be satisfied by 
increase of power generation from gas based power plant with this growth rate. To identify the exact location of this 
projected power generation, we have assumed that the new installation of power plant will be occurred on or near the 
existing power plants. Underpin of this assumption is that installation and establishment of new power plants are always 
economically profitable and feasible as because of existing infrastructure and transportation line to the national transmission 
grid. For an existing power plant, we have accounted the list of power plant as mentioned in Department of Sustainability, 
Environment, Water, Population and Communities, Australia [1]. The projected power generation capacity up to the year 
2030 and 2050 is represented in Table 2. According to the table data, the total power generation from fossil fuel based 
source will rise to 68,883 MW (Mega-Watt) on 2030 and 70404 MW on 2050. 
                       Table 2. Projection of future power generation in Australia. 
Projected future power generation (MW) Fuel source Power generation in  2012  (MW) 2030 2050 
Black coal 24,618 22,494 20,348 
Brown coal 6,881 3,491 1,642 
Gas 19,252 42,384 47,899 
Oil 514 514 514 
Total 51,265 68,883 70,404 
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5. Analysis of climate change model for Australia 
To evaluate the impact of climate change, the global temperature rise has been focused primarily. We have analysed the 
temperature increase from the year 1990 as a baseline. For climate change prediction, we primarily focused on the year 
2030 and 2050. In our analysis, we assumed a high rate of global warming, based on the IPCC'S A1F1 storyline and 
scenario. It describes a future world based on globalization. In this scenario, it is assumed that a high rate of global 
warming, which corresponds to a global warming of 4.2 degrees of twice CO2 emission from 280 ppm (part per million) to 
560 ppm. There are several climate change model has been developed around the globe to generate a prediction on the 
climate change. Some model generates the climate change as a global change instead of focusing on local climate change. 
However, some model can downgrade the global climate change prediction to localized and regional prediction. GFDL 
CM2.1 corresponds to a strong warming based on the A1FI scenarios. Here, in our analysis, climate change impact on 
power plant in Australia, GFDL CM2.1 has been used. The reason for considering GFDL CM2.1 model and A1FI storyline 
scenarios is because of the present world scenario and trend mostly are similar to this considerations. At present, on the year 
2012, still the world could not manage to satisfy primary needs of human. Social, political and regional change is still on-
going. Poverty, war, and epidemics are still unsolved. Furthermore, economic crisis as well as political conflict in different 
regions are creating a more vulnerable and volatile situation. In terms of climate issues and sustainability, world leaders and 
leading countries has not yet agreed to a unified, constructive and urgent action plan to mitigate the impact of climate 
change. Fossil fuel still plays a key role in energy market. Industrialisation in several developing countries, such as Brazil, 
China, Indonesia, India, Vietnam, and Malaysia, shot up the use of coal and coal product based industries which are 
accelerating the emission of more greenhouse gases. Based on all of these key concerns, our consideration of high global 
warming scenarios and GFDL CM2.1 model is justified. 
6. Impact of climate change on power plants in Australia 
It is expected that, energy utilisation will grow due to demographic and socio-economic issues. On the other hand, 
average and peak energy demands are also associated to climatic circumstances. Increased air-conditioner uses are 
increasing the peak energy demand. The possibility of line outages and blackouts is increasing with time [14]. If the average 
temperature increases by 2 °C, peak demand increases by 4% in Brisbane and 10% in Adelaide, but reduces by 1% in 
Melbourne and Sydney [15]. To allow increases in peak demand for climate-related by 2030 about 10% of the existing asset 
levels may be necessary [14]. Climate change is affecting energy infrastructure in Australia. These changes causes a great 
impact on power stations, electricity transmission and distribution networks, oil and gas product storage and transport 
facilities, and off-shore oil and gas production. 
Figure 1 shows the overall impact of climate change on power generation capacity in Australia. The percentage of total 
power generation in Australia as shown in Fig. 1(a) indicates that it will face an increase of temperature by the year 2030.  
From the figure, it can be seen that by the year 2030, Australian power generation will experience a temperature increase of 
2 °C. Among these, 69% of power generation capacity will experience 1 to 2 °C temperature increase. Rest of the power 
generation capacity (31%) will experience an increase of 0 to 1 °C. The figure shows a less impact of temperature increase 
will be experienced up to the year 2030. 
 
  
(a) 2030 (b) 2050 
Fig. 1. Risk of power generation due to climate change in Australia by the year: (a) 2030; (b) 2050. 
Figure 1(b) represents the percentage of total power generation in Australia that will face the increase of temperature by 
the year 2050.  From the figure, it is clearly seen that by the year 2050, Australian power generation will experience 
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temperature increase of up to 5 °C. It implies a rapid impact of temperature increase by the year 2050. Among these, 53% of 
power generation capacity will experience a temperature increase by 2 to 3 °C. Furthermore, 31% of total power generation 
will experience an increase in temperature by 1 to 2 °C. Moreover, 16% of total power generation will experience an 
increase in temperature by 3 to 4 °C. Rest of the power generation capacity (1%) will experience an increase of 4 to 5 °C. 
The figure also implies that around 70% of total power generation capacity will experience more than 2 °C temperature 
increase. 
7. Conclusion 
From the study, it is evident that Australia will face a significant threat of climate change on its power generation. 
Although the risk seems to be less in 2030, it may emerge as a serious threat in 2050. Only 31% of the total power 
generation may experience a threat of temperature increase of 1 to 2 °C, the rest (69%) may experience an increase in 
temperature by more than 2 °C. This could introduce a threat for nation’s energy security and progress. A nationwide 
assessment is eminent to identify what portion of power generation could be reduced due to the global temperature rise. Site 
selection for power plan installation must be done considering the temperature increase effect on different states. Although 
not included in this paper, based on GFDL CM2.1 model analysis, we found that most of the areas of Western Australia, 
Northern Territory, Queensland and some part of South Australia have a trend of rapid increase of ambient temperature in 
upcoming years.  On the other hand, most part of Victoria, Australian Capital Territory, Tasmania and some part of New 
South Wales has less or moderate trend of increase of ambient temperature. Thus, it is important to consider the future 
climate change on site selection for new power plant establishment. A dynamic system and backup support is also should be 
planned to overcome this impact. 
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